A procedure has been developed for the regeneration of Clostridium pasteurianum protoplasts with frequencies of up to 10% reversion being obtained.
sphere of hydrogen (50%), nitrogen (47.5%), and carbon dioxide (2.5%).
A routine procedure for the formation of stable C. pasteurianum protoplasts has been developed previously (5) which used an isotonic buffer containing lactose (15%, wt/vol), 20 mM MgCl2, and 100 mM potassium phosphate, pH 6.5. When exponential-phase cells were suspended in this buffer supplemented with lysozyme (200 ,ug/ml) and held at 37°C, more than 99% of the cells were converted to protoplasts in 20 to 30 min. Out of a variety of regeneration media tested, "clostridial" glucose, basal medium supplemented with 2% agar, 0.5% Casamino acids, 0.3% yeast extract, 0.05% cysteine hydrochloride, and 15% lactose (HCYL agar), was found to support the best protoplast reversion frequency. The surface of the agar medium was treated immediately before use with 0.1 ml of a freshly prepared solution of catalase (20,000 U/ ml).
In a typical regeneration experiment, cells from an exponential-phase culture of C. pasteurianum were harvested and suspended in 0.1 volumes of protoplast buffer. The number of viable cells present was estimated from the CFU obtained after serial dilutions on HCYL agar. Lysozyme was added to a final concentration of 200 ,ug/ml, and the cell suspension was incubated at 37°C for 30 min. A crude estimate of the percentage converting to protoplasts was obtained by microscopic counts of 10 random fields. The protoplasts were diluted in both the isotonic buffer and sterile distilled water and plated out on HCYL agar. The percentage regeneration was calculated (see Table 1 ) essentially by comparing the CFU (on HCYL) obtained from the protoplasts diluted in isotonic buffer to the CFU of the cell suspension before lysozyme treatment. A comparison of the CFU obtained from protoplasts diluted in distilled water with the CFU of the cell suspension gave an indication of the number of osmotically resistant cells present in each protoplast suspen- VOL. 155, 1983 by the results obtained in other systems (7, 8, 16) . These included the provision of a more favorable metabolic environment by the addition of 0.3% Casamino Acids, 0.3% yeast extract, all the other constituents of the otherwise nitrogenfree basal medium, and 2% (wt/vol) bovine serum albumin. The toxic effects of any inadvertent introduction of oxygen were minimized by supplementation of the protoplast buffer with 0.05% cysteine hydrochloride and catalase at a final concentration of 400 U/ml. Finally, Nacetylglucosamine (0.1 M) was added at the end of the lysozyme treatment and was also included in the isotonic dilution buffer. These modifications produced a significant increase in the reversion frequencies (Table 1) , the percentage regeneration varying from 0.3 to 2.4%. The number of osmotically resistant cells did not increase significantly. The presence of N-acetylglucosamine was shown to account for 50% of this increase in reversion, presumably by both inhibiting further action of lysozyme (14) and acting as a precursor in cell wall biosynthesis.
In view of the findings of Gabor and Hotchkiss (9), two further modifications were examined in conjunction with those described above. The organism was cultured in CY medium containing 15% (wt/vol) lactose and protoplast formation was carried out at the higher temperature of 42°C ( Table 2 ). The presence of lactose in the growth medium was found to cause a consistent increase in regeneration frequency of the resultant protoplasts, with up to 10% reversion occurring. Protoplast formation at 42°C also appeared to improve the regeneration frequency (Table 2) .
Further changes to the regeneration agar had no significant effect on reversion. These included substitution of lactose with maltose or sorbitol, inclusion of autoclaved clostridial cells, or the presence of the four cell wall sugars (glucose, mannose, rhamnose, and galactose) of C. pasteurianum (6) at a final concentration of 0.5% (wt/vol). In contrast to other systems (21), the inclusion of 0.5% gelatin in the medium caused a 60% reduction in the reversion frequency.
A protoplast regeneration protocol has been developed for C. pasteurianum which compares favorably with a number of procedures for other gram-positive bacteria (7, 8, 16) , yielding frequencies of between 1 and 10% protoplast regeneration. C. acetobutylicum protoplasts were reported to give 80% regeneration (1) 
